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I 
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RECEIVED BY Fl 



Method forModif yjpg Starch or Starch Dmvativea 

Tedhmcal Fieild 



The pteseofc mvefilion relates to a method of mo6i£yins starch and statch derivatives 
in a conlinuous process. The uxveofioa further rdates to the ubb of reactiors in such 
methods. 

Backcioimd of the Invention 

Starch is the principal carhohydidte campoiisaDt of hij^ier plaxxt$ and hea many 
industrial applications. Xa the food mdi25by» for example, starch is used» amongst 
ofber thmgs, as a texturing agen^ gaUing agent, ifaioken^ a&d stabilizer. Ito papex 
Tnaiw&cture, search is used as a siziing agent, for improvmg pnntahility, surface 
strength axiid the solvent-resistance of p^r. Starch is also us^ in the fefmentation 
and textile industries and in the manu^toture of adhesives, detergents, cosmetics, 
pbannaceiificals^ ewnl$jijfynig and dispersiog agents, inks and dyes, plastics, coalings 
dndmany other commonly nsed products. 

In Older to fulfil these roles, however, certain specific properties (such as theological 
properties, shear strength, stability, visoosity at different temperatures, gelatinisatfon, 
solubility, etc) may be required. Ofii^ these axe notprofperties associated vAth native 
slBxch. Vanons xoBihods of starch modification have therefore beexn derveloped. 

Such methods include hydrothennal treatment^, hydrolysis;. degradation 
(dexttinisation. acid-thhming^ oxidadonX estoification, eiherification, stabilistation 
(e.g» by ccoss-bondmg), etc. 

Txaditiiandly, Ifae most suocessfiii mediods of starch niodificaQon on an indostdal 
scale have been based on batch pcocasing in aqueous solutions. Such me&ods, 
however* have several umate disadvantages. These indnde Ae productiQiiL of 
enormoua quantities of ai^ieous eSlwDt. die disposal of t^ddch results ia a 
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Qonsid^rable burdea cm pxoductioxi and xuquiiiig costSp and the &ct Ifaat Ihese meflioda 
hsEve u> be caxiied out discominuou&Iy (in batches) -wtdch has an advecsfr eSk€t both 
on fiteir coDdxol and an ovi^rall c(»ts . 

SevfiDcal attesQpfs have Iwesi made to devel^ altetn^vcs meChods for th9 modification 
of Btardi ^ch would Qvesoome tibese dis^EvantBgos. EPTIOSTOAU &r example, 
des^bes a continuoiis chemical modification process according to "wbidk a staxcb 
powter and a xeagent are izctiodtteed. simultaneously into a reactor. A routing screvvr 
within the icwtor rapidly creates a fine^ dynamio liquid layer^ idlotving fbe starch, and 
reagent to interact XMs metliod» howsvex^ suffers fiom swtx^L dsasvA>Bcks, Flr^ due 
to (he speed at iwbich the staxcb pas^edthnn^lhe reactor, little time is allowed for 
any reaction to occur ^i-e. insnfiGLdent contact time between the staich andtiie reagent 
is acMeved). la addition^ under the centdfUgation ferce created by file rotating sorew, 
starch has a teadency to accumulate on Ae teactor walls. Should Che rotating^ speed be 
reduced siifiGlcieizdy to allow for an acce|>t8ble contact time and to address the 
pEObI«ai of xiuiability^ the starch and reagent could no langer be properly muced, 
theceby again han^g a negative effect on reaction levels. 

Anoiher ecmnple is WO 97A3788 which describes a process .for the chranical 
floidB&sdon of sbarches carried out xoider standard phig flow oonditilona^ at 
tmsp^mllxam at most equal to 77*XJ and with reaction times of up to 6 horns. This 
znedxod also has several di^advantsges. First of all, by the very nature of plug flow 
reactors, very little mixtgig of mai^als occurs. As noted above, this will have a 
negative effect on leactiou level?. la addition, vrfth temperatures not exceeding 77^C 
and because of die static movemBnt of the starch particles through the reactor, ih&y 
wai not be properly dried,, even if residence tunes are increased. Finally, because plug 
flow reactors in effect mixxiic baloh process conditiatis> the disadvantages associated 
wi& the latter will aot be overcome. 

There is therefore still a nced^ in liie art, for an improved and mor^ economical 
method of mcdii^dng starch* The present invention provides snch a method. 
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Summary of ihs InvBntion 

la a first aspect of ttie pxeseaA ixiwwitixm, tbste i? provided a method of modi:l^ng 
staroh or starch derivatilves comprisang: iutroducing a coii1jnu<:ia& flow of starch 
substrate, gas and* optLonaUy, ond or more reagents^ into a leactorp wherein: 

-the st^ch substrate has a moislure contoit between 1 mi 45% by weighty preferably 
between 1 and 25% by weight; 

^ fhe residence time of the starch in the jteactcsr is between 1 and minutes^ 
preferably betwe^ 5 and 45 minutes; and 

- the ireaction tenqperafcure i$ maintained at between 50 and 220^0^ ideally hetwefia 
lOOandlSO^C, 

characterised iix ^at Iho starch substrate and tiiie gas are introduced into fhe reaetdr in 
opposing directions. 

According to one embodiment Ihe reactor has a tabular body comprisias a $h9£t iqpon 
which is disposed one or a pluraliiy of blades. pjeeferably» blade or blades will have a 
tip «!peed of between 10 and 50 m/s. preferably between 12 and 35 m/s. 

The steoxsh substrate may be selected fiom one oii more native starches, stanch 
deiivHlives^ Sour^t starch suspensions and mhctures of two or more thereof. 
Frdfoably. the starch substcote is introduced into the reactor in powder form. 

The leagent may be selected firom a hydiolysmg ugmxt, an oxidation agenl^ an acid, a 
desctEinisadon ageni» an aljcylation ai^nt, an estmficadon agent, an etheriJScalion 
agpnt^ a cat>s$-bondin8 s^rat and mixtures of two or more thereof. Piefbrably, &e 
reagent will be selected fiom a miziieral acid such aa oitdc add, a peroxide soxsix as 
hydxog&R peroxide (with or without a catalyst stidhas copper),, an oxidLsSns agent and 
mixtures of two 0Qrmore1faereo£ 
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According to a piefedred embodiment the reagent is added to the starch substrate 
b^ore h^ns introduced mto Ihd reactor. 

In a Second embodimeiit of Ibe presezit inventiotk» Iheare is provided a method of 
Iirqyariixg bigjdy soluble starch coinpri^mg: introdudng a condimous flow of s^h 
substrate^ fia& and one or more reagents setected fiom a mineral eud^ e peroxide aad 
an oxidising agent, mto a reactor^ whereiAihe starch substrate has a moifitiue coartent 
belween 1 and iO% by imight, the residence time of tSie starch in the reaotor is 
beiiweea S and 45 mimttes and the reaction temperature is mafntalned at betvveea 80 
and 220^C» charactadised in that the stacch substrate and the gas are introduced into 
the reactor ia opposing directions. Prefisrably; the stardh produced accordmg to this 
method mil be &m 70 to 1009^ soluble in cold ivat^ preferably fiom 75 to 100% 
solnble in cold ivater.- 

Ia a third etnbodimfint of tbe present ixmoxtion, there is provided the use <^a reactor 
for the modification of starch or starok derivatives^ said reactor having atubular body 

. a shaft upon whicb is disposed one or a plurality of Hades; and 

- at least two inlets» one for tfae faitroducfion of a atazdi substrate and, optionally^ one 
or more t&ei^js^ mi one ibr the introduction of a gas^ 

cfaarac^xised in that ftte inlets are portioned sucih that the stazdh and gas are^ 
introduced into the reactor in opposing duectians. 

Description of the Figures 

Figuio 1 is a schematic representation of a reactor unit according to a possible 
embodiment of tfae present inveatioiL 
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Detailed Deaciiption of the Biventjoii 

The? present invention provides^ a method, of modity^njg^ sfaroh or stacch derivatives. 
The term "starch derivatiives'* reifers to any molectde produced by a modification or 
series of modificatioxis - physical, chemical and/or ge&etio - to starch. Accordingly^ 
staroh derivatives indude (but are not Imuted to): enzyme oi acid faydrolysed starches 
(such Bs maltodextrins, glucose syrups and hydmlysBtes); degraded stances (e,g; 
stashes degraded by heat, oxidafion;^ catalyste or aoidifioaticn such as roast dextrin 
ajod fidn-faoiUng stazdi); pre-gelatuciised fitacche^ starch esters (such as sterch n- 
octenyl succinate); starch e&er^ cross-bonded starches; wtrograded starches; 
bleached starches; cafkmised or anionised starches ood alkali treated standies. For 
simplid.ty*s soke^ any references hesmn to starch will be understood to include both 
native stardi and starch derivatives. 

The teanoi "staich substrate", by cootrast; refiars to (be actual product which is 
introduced into the reactor hi a first step of the ponesent method. It may be any starchy 
material suitable fbr use in a tubidar leactbr (wch as flour^ a starch sospension or a 
starch calce). The substrate may comprise one or more native starches^ one or more 
statdb derivatives or a mixture theEeof, Preferably^ it "will consist of pfurified starch 
and/or starch denvative^s). The starch itself can be of any desired origin (potatc^ 
wheat Camp ric^ tapioca, pea, batley, etc.) and can be wsxy or not, The subsirate may 
be used in combinaljon with one or more natoral or iQmthetLC polymei3 (such as 
ceUnlose) and/or one or more organic or inorganic compounds. Alternatively, it «a 
be mixed to a bufibr before being introduced into iSic reactor. It will pie&mbly be in 
powder fimm and will have a moisture cozrient between 1 and 45% by weig^ 
precG^ably between 1 and2S9^ by weij^t^ even mogre pre&mblybeiweeu 3 and 25% 
by wdgfat at its point of entry mto the reactor; Moistme levels can be controlled 
within fte reactor if necessary (fbr e>tamFle by adding vrater with &e gas phase and/or 
by oontaolling reaction temperature). Re£^afaly» moistme levels of by wtigfat 
vrfll beobtaiacdatttie reactor outlet 



5 



13. NOV. 2003 17:06 .SHP BRISTOL 



"NO. 1596^— P. 13— 



The reactor, as defined lueEcdin, is a reactor haviiig ft tubular, preferably cylindrical, 
body wMiiawhicli fe positioned a rotating M:. Tlie 

plurality of Wades. By "one or a plurality of Wades", it is not intended to limit liie 
teactor to any particular construction, fiidced, Hp Wade or blades may just as well 
take the fixnn of a number of s^aiate paddles or a ^MigAe. helical blade disposed 
around the shaft in die inanner of a screwtiire^d. Ihe blade m blades "will pre&rably 
hanre a tip speed between 10 and SO m/s. Ideal rotating speeds vviU depend on fii6 fiize 
of the reactor. Thus, &r a large reactor Q.e. a r^uscor having a <^iaf¥>etftr of Im or 
more), tip speed shwHA preferably be between 12 and 3S w/s, even more preferably 
betvyeen IS and 25 to/s. For a small naactor (i.e. a reactor hamng ct dSameter of less 
than I m), Hp speed may be fiom 10 to 50 m/s, preferably from 1 2 to 45 m/s and even 
more prefexably fiom IS to 35 zn/s. 

Ift use, fte blades will convey the starch substrats firom an inlet at one end of the 
reaetor to an oudet at the olhcar end in a continuous manner. As will be ^xeclated by 
the skilled parson, title term "continuous" here distdnguishss the present method from a 
batch process but dos not necessarily imply that the flow of starch into and tfcucough 
the reactor is unifomi or indeed constanL 

The temperature at which the ration ocrairs will preferably be between 50 and 
220°C. Preferably, it will be set at between 80 and llO'^C, even more prefemWy at 
bstweea 100 and 180*C. Ideally, the temperatur© will be set at between 100 and 
ieO°C JEtesidsice thne within the reactor will be between 1 and 60 minutes, 
prcfe(jably between 5 and 45 minutes and, even more i»eferably, between 10 and 30 
minutes- Of course, the exact residence time will be determined fi» each reaction, 
taking into account various variable factors (e^g. natoie of substx^o, tempmtture of 
reactor, cimntity and nature of reagent speed of rotation, etc). Ideally, both moisture 
and pH conditions within the rratitor will be controlled. 

As mentioned above> lixe reactor comprises an inlet for the starch substrate, ft also 
oomprises a gas inlet positioned such that the starch substmie and gas are introduced i 
into the reactor m opposbg direcdons. Of coucse, &e snbstrate and gas inlets do not 

- - - . !? _ [Qi^§ai^3!M^e^ 
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neoessaxily have to be on geometdoally opposing sides of the reactor, porovided that 
ihey are mSBcksa&y sepeuated and angled such that, in use, the substrate flow and gas 
flow nm countet^intzrent to eaoh other. 

These c^itiiteiH^fi]^^ flom results in bettsr mixing of lihe staxcb snbstc&te vdSi any 
eventual reagents and in bettegc control of xesideixce times Ci^e. Ibe stekrch is prevented 
fiom passing too quickly Ihroug^ the teaetor). Because of the i^oltmg turbulence, 
substrate particles will come into contact moxe oftoa with the heated reactor wall* 
Particle tempaxBture will Aerefisre iaierease mote quiddy thus accelerating tbiB 
■teaotion rate. The covncer-cuxz^ flows also provides an Cedent method of 
tEanspordug reacstoats Qncluding gcaoistuie) throng the reactor with relatively small 
amounts of gas wbUst maintaining &e substrate pardoles in an aerated suspoosicm. 
TUs results in increased t^us&m efiKciency aad thBreSsre tedxiced costs. In additioiu it 
avoids ^ usmi drawbacks associated with Hie use of batch reactors-and of with the 
condDUOUS reactors of the ptka art (e.g. runaUIiQr). 

The gas used to create the count^CHaarrent may be aoy gsis but will preferably be air, 
nitrogen, carbon dio>dd% an inert gaj^ conlroUed oxygen or anuxture of two or more 
thereof It may mclnde reagents sudhi as oxidants (e.g. ozone), amines* neutralising 
ageuts or additives capable of modiQ/ing or controlling reaiction conditions (e.g. pH 
aod/or moisture). Xt may also be heated before ratty into the reactor. 

The reactor mBy compx&e one or more additional inlets jfor the introduction^ if 
doited, or erne or more reagsnts (oizyme, catalyst, efax). The use of a reagent is not 
alwsys necessary as the znodification msor simply consist of a pfaydoal modificadon 
(e.g. by heating). However, if a Teagent is used, it can be selected, for «»mple, fiom 
any one or snore o£ a hydtolysing agent (such as Onamylasa, p-amy^Ov glucoamylase 
or pyOulanase), an axidaHon agent (s^ as sodium bypochbxiteX mi acid such as an 
acld-thi?aoadng agent-(e.g. H2SO4 or H^POO* a dextdnlsatiQn agent (such as HCl), an 
aUcyladon agent (such as an aUbdi hydroxide), an esterificalion agent (su<^ as acedo 
anhydride, vinyl acetate cur n-octenyl sucdnale anhydride), an etharificadon age^rt 
(such as propylene oxide) ct a crosa-bonding agent (such as phosphorous oxycliloride, 
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sodium tximetapliospbate or mixed anhydtide of acetic and adipi^ acidT). Tliis is of 
course not aa exbausdve list as the selecti^ of a reagent vinJl depend on the type of 
xbodificatioa to be achieved. A skilled person will be able to choose v^ob raagent or 
xeageiits should be vsed in view of ^e t^e of xBacfion to be performed. 

For earample, if it i$ desired to increase die 9olubfli1y of starch, the reagent "will 
preferably be a muoeial amd (such a$ dtdc aesldX a peroxide (such as hydrogen 
peroxide) and/or an OKidismg agont It Ib^ indeed been &und iftiat using fiie me&od 
of the preset inraidon^ highly soluble sfar^hes can be prodaced in an economical 
way on an iodustrial scsUb, In particular, the znethod of the present invendcm can he 
iised to produce staxehes or staroh derivatives which aie 70^100%, preferably 75- 
100% soluble in cold ivater Q^. in water havhxg atenqp^cature of no more &an SO^C). 

The reagents, if used> can be added in the fomi of a solution, powder or gas 
(prefajiably in the fonn of a solution) and in conce(Dtrations of 0-001-20% by weight 
Preferably, tiiey xvill be added in concentrations of 0.001-10% by weight and, even 
more pieferably, in concentrations of O.Ol-SH by weight. Again^ the skilled person 
will be able to determine the ^ropriate concentration of reagent needed depending, 
for example on ib& quanti^ of substrate to be modified, the desired level of 
mcdi5oaiion» die nature of tiie xeag^t being used, etc. 

As noted above, any eventoal reagent or reagents can be introduced into the reactor 
via one or more separate Inlets to that used fot the starch substrate. Alternatively^ the 
reagent(s) and the starch conld be introduced via the same Inlet hi both the above 
cases, the reageint and starch will bo mixed wititiin the reactor. However, in a preferred 
embod^cnt, rragent and stairch vnJl be mixed before being introducing into &e 
reactor. Ttous, the method of tfie present invention may contain an initial step 
compdsing foimmg a prem&ic by combimng reagent(s) and starcih substi&fe. The 
premix can then be introduced imo the reactor via a single inlet 

If the reagent is to ba added to the starch sut^iiate befi)re being introduced into the 
reactor* die blending step am he carried out in a mixing chamber linked to the reactor. 
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Thus, ihe reactor so fer descnbcd may bs part of a larger unit (**reajrtor unit**) 
comprising both downstrdam and upstream cornponents, DowmtxQ^ components 
cputd include, for instance^, fhe already mentioned mixmg chamber or a pre- 
modification chamber (o.g. if the starch substrate needs to imdergo an initial 
ncLodification before being introduced into the reactor, for example by cooking or by a 
hydrothennal treatment) while upstream conciponents coudd include, fer instance, a 
drying chambar^ a recycling element or one or more ftofher reactors. According to one 
embodim^ty the unit as a whole may inchide more than one reactor according to th& 
present invention (e.g. if several difirbrent modifications are necessary or if a longer 
residence time is desired). Thus» porodtict issuing from one reactor can be passed 
(dicectlly or indirectly) to one or mote further reactors. Wbm there is more than one 
. reactor according to the piresent invention, they will preferably be disposed in series. 

A possible reactor uni^ in accordance with the present invention, is illustrated in 
Hgure 1 in which (I) represents a counter-current reactor, (2) represents an qptional 
finishing reactor^ 0) repocesents the shaft-rotatnig motor^ (4) represents ait optional 
du$t separator, (5) represents an optional condensstor and (6> represents a heat 
exchaxigi^- Starch substrate is introduced into the reactor via inlet (a). Gas (with or 
wilhout reajctant and/or water added at (f)) is introduced via inlet (c) and exits the 
reactor via oudet (d) . It may then leave the reactor unit via exhaust (k) or be recycled 
to the heat exchai^^ via inlet (j). Modified starch product leaves the reactor via outlet 
(Joiy, Aft^ optional fUrttier pzocessinj^ the pioduct leaves reactor (2) via outlet (e). 
Condensate is rdeased firom the condeaassfor via outlet (g). Alternatively, dost 
gath^^red at (4) may be recycled to the reactor at inletd (h) and/or (i). 

The preset invradon also provides fbr ib& use of a aeeaetor or xeactor unit as descxibed 
for the modiftcation (hydrolysis, degradation, estenflcatioi^ ethmfication, 
stabiUstation, etc.) of starch or stacdi detivHtives. 

Ihe Inveaition will now be iUustiated by ttte following* non-liniit!ng examples. 

Pyftmple 1 
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Com standi and 3 0 fipOBq/kg HCl are blended in a Lfidige mx&: and dried such that a 
final moistore coatsnt of 15% by "wi^t is ob^ed. The ble^ is ibssn introduced int» 
the reactor in a cxuxtmuous flow. A coimter current of gas at ISO^C i$ iErtxoduced 
simultaneously. The jaclcet teoipeiatoice of the reactor is osaintained at 175^C such that 
the starch pcodvct jceaches a tenqieirataxe of 1 10-120^C. Residence time of the starch 
subatrate in the teactor is 5 minutes. Thepioduot obtained at the outlet of the reajctor 
has a sienificanay loinrer paste viscosity th^ 

BKaniDle2 

Com atatch and SO mSq/kg HCl axe blei]ided in a L5di^ ndxer and dried such that a 
fboal ffloishue cont^ of lS9i by weight is obl^ined. The Uend is then iirfo 
the xeactoT in a continuous flow. A counter ouneat of gas at 180°C is introduced 
simidtaneousfy. The jacket tcmp«aature of the z^^u^ria mazntamad at 220''C such Oiat 
the starch product reaches a tempcaahue of 160°C. EUsidence time of fiie starch 
substrate in ^e reactor is 30 minutes. The product obtained at the outlet of the reactor 
Ims a low moisture contend low viscosity and is aa iniBzeased cold water solubility: 
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1. A insfhod of modifraig sterdh or starch derivatives comprising: introtjucing a 
continuous flow of starch substrate^ gas and, opttonally, one or moio reagents, into a 
reactor, whexein fb^ staxc3i substrate has a moisture content between 1 and 40% by 
weight, the tdsidence time of the starch in the reactoi is between 1 and 60 xninutes and 
the reaction temperatoie is naaintained at between 50 and 220^C, characC^nsed in that 
the sisirch substrate and the gas are introduced into the reactor in opposing directioxis, 

2. A method accordiDg to olaim 1 whcreiix the reactor has a tubular body comprising a 
shaft ixpon viMch is disposed one or a plm^ality of blades having a tip speed of 
between. lO and 50 m/s, preferably between 12 and 35 m/s. 



3. A method according to claim 1 or claim 2 wherein the starch substrate has a 
moistuie content of between 1 and 25% by weight. 

4. A method according to any one of the preceding claims wherein the starch substrate 
is selected from one or more native steidbes, starcjx dedvatives, flours^ starch 
suspBzxsiQn$ and mixtpres of &vo or more thei:eof. 

5. A method according to any one of the preceding claims wherein the starch substrate 
is mtroduced into the reactor in powdeir fomu 



6« A method according to ajsy one of &e preceding claims wiietein the reagent is 
selected firom a hydrolysing agezrt, an oxidation agcnt^ an ao!d» a de^ccrimsalion ageni; 
an alkylation agent* an esterification agent, an etherification agent, a cross-bonding 
agent and mixtures of t«vo or more thereof. 

7. A me^d according to any one of the preceding claims wherein the reagent is 
selected from a xninaxal add, a peroxide, an oxidising agmt and mixture of two or 
more thereof. 
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8. A tnofhod acconlittg to any on^ of the piececfiicig claims 'whssesn tbu^ oae more 
I leageAts aze added in 831 amoimt between? snd20%l/yvKis)3L 

9. A mefhod acco^t^dSi^ to any one of the preceding claims iwiiereia fhe oae or more 
reassois are mtEDdizced into Ihe x^aotor iix the fbnn of a solution, powda or gas. 

10« A method meotding to say one of ^ Receding daxms vdiei^ at leajst one of 
one crmoxexeageots is added to the sfa«^ fiidxsbate before beln^ introduced into fhe 
xeactor. 

IL A mediod according to any one of the pneceding cdatnxs whraein fhe r^dence 
time of the starch in the at lost om reactor is betwera S and 45 mifintes. 

12. A method acconfii^ to any one of the pEecediog claims M^iaem the reaction Is 
maintained at alsnipeTadime between lOO and 1 80^C. 

13. A mediod acmsdis^ to any one of 'Site pxeoedme claims whetein the gas 
mtroduced mto the icador is selected fionc air» nhrogec, caibon dioxide snd a 
nnxture of two or moc& thereol 

14. A me&od of prepaxing highly sohible stasc&cooxprisiie: introdncing a cointiiAioiis 
fbw of starch subshate^ gas and, one or more reagents selected from andneial ac]4 a 
peroxide and an oxtdisiog agent, hito a reactor, i^diereiti <he stan^ substra^ has a. 
moistine content bd^veen 1 and 30% br wght the residence lime of fbe starch in the 
reactor is between 5 and 45 minutes and the reaction ten^>»rahire is maintained at 
between 80 and Tlf^C, diaractensed in that the stan^ avA)Stiaite and fhe gas are 
introduced into the reaetor in opposing direotions. 

15. A mediod aocoxdmg to daim 14, wh^in the reaction is earned out under 
controlled moLstore and pH conditions. 
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16. A me&od acoarang to daim 14 or chdm IS, vdierem the higfaly soluMe staich is 
Sxm 70% to 100% sohlble in cold wafer. 

17. Use of a nactor for the modification of starch or atarojx derivatives, said leactor 
having a tubular body cojnprismg: 

- a shaft upon \>Mxh is disposed one or a pluiaUty of blades; and 
" ^ ^east two inlets, one for the imroduction of a starch substrate and. optionally, one 
or more reagents, and one for the mtroduction of a gas, characterised in ihat the mlets 
are poshionBd soch that fhe statch and gas are introduced into ^ reactor in. ctpposing 
directions. 

18. Use aocoKHng to claim 17 wherein Ihe blade or blades have a tip speed of between 
10 and 50 m/3, pr^tably between 12 and 55 m/s. 



19. Use according to olainx 17 or clahn 18 for f& hydrolysis, degradation, oxidation. 
sfAd degradation, dextrinisatipn, bleaching, etherificatlon, eateiificatian, cross, 
bondhig. alkylalioa or ace^latl<ML of starch and/or starch dexivotives. 
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Abstract 



A jDBtbod of moda^g staich or sterch daxvsHv^ conqprising: ifitrodiMaog a 
coatinooBS flow of staidi TOhstrate, gas and, optiocally, one ox naoic leagents, into a 
xeactor, ^erda the Bfaibh «BbBtra» has a moisbw coutent betsBBen l.wA 40% hy 
-woi^ to reridance time of lha staioli in the reactor is bistweea 1 and 60 nairortes and 
Hw leacttoa temperatBi* w maiiitainBd at becwcca 50 aoi) 220''C» ciharaotensed in fliat 
tte stardh sxibstrateand the gas are intood^ 
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